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(57)Abstract: 

PROBLEM TO BE SOLVED: To save power of a 
waveguide type optical switch. 
SOLUTION: The thermooptical switch of a 
Mach-Zehnder type consists of two directional 
couplers 3 formed by bringing two waveguides 4 
into proximate to each other on a substrate, two 
arm waveguides 4a t 4b connecting these directional 
couplers and a thin-film heater for shifting the 
phase of propagation light by imparting a 
thermooptical effect to these arm optical 
waveguides. A groove 6 for parting the arm optical 
waveguides to be imparted with the thermooptical 
effect is arranged in at least mid-way of the arm 
optical waveguides to be imparted with the 



thermooptical effect. An org. material having a 
thermooptical constant larger than the thermooptical constant of the arm optical 
waveguides to be imparted with the thermooptical effect is filled into this groove. 
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* * NOTICES * 

JPO and NCIPI are not responsible for any damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] Two directional couplers to which two optical waveguides are made to come to approach by two places on a 
substrate, In the heat optical switch of the Mach TSUENDA mold which consists of a thin film heater which gives a 
thermooptic effect to the two arm optical waveguide which connects said directional coupler, and said arm optical 
waveguide, and shifts the phase of propagation light The heat optical switch characterized by coming to fill up an 
organic material with a larger heat optical constant than the heat optical constant of the arm optical waveguide 
which the slot which divides the arm optical waveguide concerned in the middle of the arm optical waveguide which 
should give said thermooptic effect at least is arranged, and should give said thermooptic effect to this slot. 
[Claim 2] Two directional couplers to which two optical waveguides are made to come to approach by two places on a 
substrate, In the heat optical switch of the Mach TSUENDA mold which consists of a thin film heater which gives a 
thermooptic effect to the two arm optical waveguide which connects said directional coupler, and said arm optical 
waveguide, and shifts the phase of propagation fight The slot which divides the arm optical waveguide concerned in 
the middle of the arm optical waveguide which should give said thermooptic effect at least is arranged. The heat 
optical switch characterized by filling up with the organic material which has a larger heat optical constant than the 
heat optical constant of said arm optical waveguide which should give said thermooptic effect in this slot, and coming 
to arrange the slot for heat-conduction prevention at said arm optical waveguide and the outside edge of a heater. 
[Claim 3] The heat optical switch according to claim 1 or 2 characterized by arranging the slot divided into plurality 
so that the overall length of a slot might become equal between two arms to the both sides of said two arm optical 
waveguide. 

[Claim 4] The heat optical switch according to claim 3 characterized by spacing between said two or more slots being 
30 micrometers (micrometer) - 100 micrometers (micrometer). 

[Claim 5] The heat optical switch according to claim 1 or 2 characterized by arranging said thin film heater on the 
outside of said two arm optical waveguide. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About the accumulation mold optical switch which used quartz 
system optical waveguide, this invention processes a slot into a part of quartz system optical waveguide, fills up the 
slot with an organic material in detail, and relates to the heat optical switch which switches using the thermooptic 
effect of the organic material. 
[0002] 

[Description of the Prior Art] the accumulated type heat optical switch using former and quartz system optical 
waveguide - being related - for example ■- M.Okuno et al. and" - 8x8 optical matrix switch using silica-based 
plannea lightwave circuits, 'TEICE Trans.Electron., and vol.76"C and no. - 7, pp. 12 15- 1223, and July 1993. It is 
stated in detail. 

[0003] This switch is shown in drawing 9 , and the expanded sectional view of CC fine of drawing 9 is shown in 
drawing 10 . 
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[0004] This is the Mach-Zehnder interferometer which used two directional couplers, and switches by controlling by 
the thin film heater which has arranged the optical-path-length difference of the two arm optical waveguides 4a and 
4b on the front face of arm optical waveguide. For example, in the condition of not driving the thin film heater, the 
optical path length of the two arm optical waveguides 4a and 4b is equal, and outgoing radiation of the light which 
outgoing radiation of the light which carried out incidence from input port 2a was carried out from 2d of output ports, 
and carried out incidence from input port 2b is carried out from output port 2c. 

[0005] Here, if a current is given to a thin film heater and 1/2 wave is given to the optical-path-length difference of a 
sink and the two arm optical waveguides 4a and 4b, outgoing radiation of the light which carried out incidence from 
input port 2a will be carried out from output port 2c. That is, switching of light is realized. Since integration by the 
multistage configuration is possible for this switch, those needs are increasing in optical network construction in 
recent years. 
[0006] 

[Problem(s) to be Solved by the Invention] About 0.5W power consumption was required of the heat optical switch 
introduced with the conventional technique. Therefore, there was several W generation of heat in some which 
accumulated ten-piece order on the same substrate. In case such a switch is built into the exchange or transmission 
equipment, the packaging density is restricted with the calorific value of the switch section. For this reason, 
power-saving of a guided wave mold optical switch had become a technical problem. 

[0007] The purpose of this invention is to offer the technique which can achieve power-saving of a guided wave mold 
optical switch. As new along [ said ] this invention a description as the other purposes will become clear by description 
and the accompanying drawing of this specification. 
[0008] 

[The means for ****(ing) a technical problem] It will be as follows if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

(l) Two directional couplers to which two optical waveguides are made to come to approach by two places on a 
substrate, In the heat optical switch of the Mach TSUENDA mold which consists of a thin film heater which gives a 
thermooptic effect to the two arm optical waveguide which connects said directional coupler, and said arm optical 
waveguide, and shifts the phase of propagation light The slot which divides the arm optical waveguide concerned in 
the middle of the arm optical waveguide which should give said thermooptic effect at least is arranged, and it comes 
to fill up an organic material with a larger heat optical constant than the heat optical constant of the arm optical 
waveguide which should give said thermooptic effect to this slot. 

[0009] (2) Two directional couplers to which two optical waveguides are made to come to approach by two places on a 
substrate, In the heat optical switch of the Mach TSUENDA mold which consists of a thin film heater which gives a 
thermooptic effect to the two arm optical waveguide which connects said directional coupler, and said arm optical 
waveguide, and shifts the phase of propagation light The slot which divides the arm optical waveguide concerned in 
the middle of the arm optical waveguide which should give said thermooptic effect at least is arranged. It fills up with 
the organic material which has a larger heat optical constant than the heat optical constant of said arm optical 
waveguide which should give said thermooptic effect in this slot, and comes to arrange the slot for heat-conduction 
prevention at the outside edge of said arm optical waveguide and heater. 

[0010] (3) The slot divided into plurality so that the overall length of a slot might become equal between two arms to 
the both sides of said two arm optical waveguide is arranged. 

(4) Spacing between said two or more slots is 30 micrometers - 100 micrometers. 

(5) Said thin film heater is arranged on the outside of said two arm optical waveguide. 

[0011] That is, in order to attain power-saving of the above-mentioned guided wave mold optical switch, the big 
thermooptic effect of an organic material is used in the optical switch of this invention. Specifically a slot is processed 
into the arm optical waveguide of a Mach-Zehnder interferometer, it is filled up with the big organic material of a 
thermooptic effect there, and an optical switch is realized using the refractive-index change by the temperature of the 
organic material. 

[0012] Hereafter, this invention is explained to a detail with the gestalt (example) of operation with reference to a 
drawing. In addition, in the complete diagram for explaining an example, what has the same function attaches the 
same sign, and explanation of the repeat is omitted. 
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[0013] 

[Embodiment of the Invention] (Operation gestalt l) The expanded sectional view which cut with the enlarged 
drawing near the thin film heater of drawing 1 the top view and drawing 2 which show the outline configuration of 
the heat optical switch using the optical waveguide of the operation gestalt 1 according [ drawing 1 ] to this invention, 
and cut drawing 3 with the A\A' line of drawing 1 , and drawing 4 are the expanded sectional views cut with the B"B' 
line of drawing 2 . 

[0014] The heat optical switch of this operation gestalt 1 is a switch of the Mach-Zehnder-interferometer mold which 
used the quartz system optical waveguide on a silicon substrate. However, the heat optical switch of this invention 
has realized the switching function to the conventional heat optical switch having used the thermooptic effect of 
quartz glass using the thermooptic effect of organic materials, such as silicone resin. 

[0015] In drawing 1 thru/or drawing 4 1 A substrate (for example, a silicon substrate is used), In 2, input/output port 
and 2a the 1st input port and 2b The 2nd input port, The 2nd output port and 3 2c the 1st output port and 2d A 
directional coupler (for example, a 3dB thing is used), Optical waveguide (for example, quartz system glass is used) 
and 4a 4 The 1st arm optical waveguide, 4b - the 2nd arm optical waveguide and 4c - clad glass and 5 " a thin film 
heater (for example, Cr - since - it becomes) - It is the field where the slot and 6a with which, as for the electrode of 
a thin film heater and 5c, it fills up with the thin film heater preservation film, and, as for 5a and 5b, the organic 
material (for example, silicone resin is used) is filled up, as for 6 applied silicone resin, and 7 applied silicone resin. 
[0016] Two directional couplers 3 to which the heat optical switch of this operation gestalt 1 makes two optical 
waveguides (quartz system optical waveguide) 2 come to approach by two places on a substrate (silicon substrate) 1 
as shown in drawing 1 thru/or drawing 4 (3dB), The two arm optical waveguides 4a and 4b which connect this 
directional coupler 3, It is the heat optical switch of the Mach TSUENDA mold which consists of a thin film heater 
(for example, Cr is used) 5 which gives a thermooptic effect to said arm optical waveguides 4a and 4b, and shifts the 
phase of propagation light. The slot 6 which divides the arm optical waveguides 4a and 4b concerned in the middle of 
the arm optical waveguides 4a and 4b which should give said thermooptic effect at least is arranged. It comes to fill 
up the organic material which has a larger heat optical constant than the heat optical constant of the arm optical 
waveguides 4a and 4b which should give said thermooptic effect in this slot 6. 

[0017] The principle of operation of the heat optical switch of this operation gestalt 1 is explained below. When not 
impressing an electrical potential difference to the electrodes 5a and 5b of the thin film heater 5, since the two arm 
optical waveguides 4a and 4b are designed so that it may become the optical path length same as a whole, outgoing 
radiation of the light which carried out incidence from the 1st input port 2a is carried out from the 2d of the 2nd 
output port. 

[0018] Next, if an electrical potential difference is impressed and heated to the electrodes 5a and 5b of the thin film 
heater 5, the temperature of the field 8 shown with the slash of drawing 2 will rise. In this case, for the two arm 
optical waveguides 4a and 4b, since parts other than slot 6 are built by the object, an optical-path-length difference is 
not produced. However, the slot is formed in the field with a temperature rise only at 1st arm optical waveguide 4a, 
and to silicone resin (organic material) 6a with which the slot 6 was filled up having the heat optical constant of 
-3.7x10-4 (Wdegree C), since the heat optical constant of quartz system glass is 1x10-5 (r/degree C), an 
optical-path-length difference occurs in the two arm optical waveguides 4a and 4b. 

[0019] this operation gestalt 1 the die length of the thin film heater 5 - the die length of 1 millimeter and a slot - 
the depth of 20 micrometers and a slot 6 was designed [ spacing of 15 micrometers and a slot 6 / the number of the slot 
6 per one of 50 micrometers and the arm optical waveguide 4 / spacing of the 20 and two arm optical waveguides 4a 
and 4b ] for the width of face of 50 micrometers and the thin film heater 5 to 30 micrometers. 

[0020] Here, the reason for not arranging the thin film heater 5 right above silicone resin (organic material) 6a is 
because it was difficult to form the thin film heater 5 on silicone resin 6a in process. Therefore, it is not the essential 
item of this invention to shift the thin film heater 5 from right above silicone resin 6a, and if it becomes possible in 
process, a heat optical switch with more small power consumption will be realized. 

[0021] In the case of this operation gestalt 1, in the location of the core of the arm optical waveguides 4a and 4b, 1/2 
wave of optical-path-length difference of 1.55 micrometers of signal light arose in about 7-degree C temperature rise. 
It was 42mW, the supply voltage, i.e., the switch power, to the thin film heater 5 at this time. This value is 1/10 or less 
value of the conventional heat optical switch, and it was checked that the power consumption of the heat optical 
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switch of this operation gestalt 1 is small. 

[0022] Silicone resin 6a with which there [ the slot 6 and there ] where it prepared in 2nd arm optical waveguide 4b of 
drawing 1 were filled up is prepared since the optical-path-length difference of the two arm optical waveguides 4a 
and 4b does not arise depending on environmental temperature, and in order to make equal optical loss of the two 
arm optical waveguides 4a and 4b. 

[0023] Since the heat optical switch of this invention uses the thermooptic effect of silicone resin, an important thing 
is the sum total of the die length of the silicone resin which light spreads. Therefore, one connected slot is sufficient as 
the slot 6 filled up with silicone resin 6a. 

[0024] However, having divided, as shown in drawing 2 depends the slot 6 which fills up the silicone resin 6a with 
this operation gestalt 1 on the following situations. That is, light shuts up in the slot 6 which divides the core of the 
arm waveguides 4a and 4b, there is no structure, light-emission loss arises, and this radiation loss increases 
exponentially with the die length of a slot 6, as shown in drawing 5 . 

[0025] Therefore, if it divides into two or more slots 6 to the die length of the target slot 6, loss of the one-piece one slot 
6 is suppressed small, and total power dissipation is smaller than the case of one connected slot, that is, it is 
markedly alike, radiation loss has less way with no less than 15 micrometers of 20 slots 6 than the 300 -micrometer 
slot 6, and it ends. Moreover, as for spacing of relation with radiation mode to the slot 6, radiation loss becomes small 
at the time of 30-100 micrometers as indicated by the JP,7-56034,A official report. Therefore, with this operation 
gestalt 1, the die length of a slot 6 was designed with 15 micrometers, and spacing was designed with 50 micrometers. 
The radiation loss at this time was 0.6dB. This radiation loss is the subtracting point of this invention. 
[0026] The method of producing the heat optical switch shown in drawing 1 is described below. Lower clad glass 
(thickness of 40 micrometers after rarefaction) 4c and core glass (thickness of 7 micrometers after the rarefaction) are 
deposited by the flame depositing method on a silicon substrate 1. After carrying out the rarefaction of it at an 
elevated temperature 1000 degrees C or more, the core glass of the arm optical waveguides 4a and 4b is patternized 
by the photolithography method and the reactive-ion-etching method. Furthermore, up clad glass (thickness of 20 
micrometers after rarefaction) 4c is embedded deposition and by carrying out the rarefaction by the flame depositing 
method, and optical waveguides 4, 4a, and 4b are formed. 

[0027] Next, Cr and Au are deposited with a vacuum deposition method, and the thin film heater 5 and electric wiring 
are formed for the Cr and Au which were deposited by the photolithography method and the wet etching method. 
About 2 micrometer of SiO(s)2 as protective coat 5c are deposited on the front face of the thin film heater 5 in a 
spatter if needed. So far, it is the same as the method of producing the conventional heat optical switch. 
[0028] Further, the slot 6 was processed by the lithography method and the reactive-ion-etching method, and silicone 
resin is filled up with this invention into the slot 6. With this operation gestalt 1, the refractive-index difference of a 
core and a clad was set up to 0.45%. 

[0029] (Operation gestalt 2) Drawing 6 is the flat-surface enlarged drawing showing the outline configuration near 
the thin film heater of the heat optical switch of the operation gestalt 2 of this invention. Although the structure of 
the heat optical switch of this operation gestalt 2 is almost the same as said operation gestalt 1 as shown in drawing 
6 , the points which newly arrange the slot 9 at the outside edge of the arm optical waveguides 4a and 4b and the thin 
film heater 5 differ. The reason for having newly added the slot 9 aims at preventing diffusion of the heat to an 
unnecessary field. 

[0030] Since thermal conductivity was low compared with quartz system glass, by forming the slot 9 newly added 
with this operation gestalt 2, silicone resin could limit the heating field of the thin film heater 5, was able to reduce 
switch power about ten percent, and was able to make it about 38mW. 

[0031] It is more desirable for the inside of the slot newly added more preferably to be the cavity where thermal 
conductivity is small, although silicone resin is filled up with this operation gestalt 2 in the slot from the ease of 
production. 

[0032] (Operation gestalt 3) Drawing 7 is the top view showing the outline configuration of the heat optical switch of 
the operation gestalt 3 of this invention. As the heat optical switch of this operation gestalt 3 is shown in drawing 7 , 
as compared with said operation gestalt 1, spacing of the arm optical waveguides 4a and 4b differs in arrangement of 
a slot 6 and the thin film heater 5, and a pan. The thin film heater 5 has been arranged not on between the two arm 
optical waveguides 4a and 4b but on the outside. With this operation gestalt 3, the temperature gradient of the two 
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arm optical waveguides 4a and 4b which carried out induction at the thin film heater 5 is used. For this reason, 
spacing of the two arm optical waveguides 4a and 4b was designed with 125 micrometers. 

[0033] In addition, the merit of the thin film heater 5, the die length of a slot 6, spacing of a slot 6, the number of a slot 
6, the width of face of the thin film heater 5, and the depth of a slot 6 were designed to the same value as said 
operation gestalt 1. Although the switch power at this time was a little big value as compared with 88mW and said 
operation gestalt 1, compared with the conventional type, it was 1/5 or less value. 

[0034] (Example 4) Drawing 8 is the top view showing the outline configuration of the heat optical switch of the 
operation gestalt 4 of this invention. Although the structure of the heat optical switch of this operation gestalt 4 is 
almost the same as said operation gestalt 4 as shown in drawing 8 , the points which newly arrange the slot 9 
between the outside of the thin film heater 5 and the arm optical waveguides 4a and 4b differ. The reason aims at 
limiting a heating field and preventing diffusion of the heat to an unnecessary field. Switch power was able to be 
reduced about twenty percent according to this structure, and it was able to be made about 70mW. 
[0035] The cross output (from the 1st input port 2a of drawing 1 to the 2d of the 2nd output port) was realized by said 
operation gestalt in the condition that two arm optical waveguides 4a and 4b are total, and write the die length of a 
slot equally, an optical-path-length difference is set to 0 by two arm optical waveguides 4a and 4b, and there is no 
electrical-potential-difference impression to the thin film heater 5. 

[0036] Furthermore, there was an advantage of "an optical-path-length difference with the two arm optical 
waveguides 4a and 4b not arising depending on environmental temperature" and "loss with the two arm optical 
waveguides 4a and 4b having been equal." however, with the heat optical switch of a Mach TSUENDA mold Not only 
in when setting phase contrast with the two arm optical waveguides 4a and 4b to 0 in the condition of necessarily not 
impressing an electrical potential difference For example, it may be necessary to make it a through output (from the 
1st input port 2a to the 1st output port 2c of drawing 1 ) in the condition that phase contrast with the two arm optical 
waveguides 4a and 4b is set as 1/2 wave, and there is no electrical-potential-difference impression to the thin film 
heater 5. 

[0037] In this case, when a thermooptic effect establishes 1/2 wave of optical-path-length difference of comparatively 
small quartz system optical waveguide, the switch "for which an optical-path -length difference with the two arm 
optical waveguides 4a and 4b hardly depends on environmental temperature" is realizable. 

[0038] As mentioned above, although this invention was concretely explained based on said example, as for this 
invention, it is needless to say for it to be able to change variously in the range which is not limited to said example 
and does not deviate from the summary. 

[0039] For example, although silicone resin was used as an organic material with said operation gestalt, not only this 
but the heat optical constant (temperature change of a refractive index) of things is [ that what is necessary is just 
bigger than the heat optical constant of optical waveguide ] clear. Generally, the refractive index of an organic 
material shows a negative value, and the absolute value has many which show the number of thermometers of a 
quartz system light wave way large 10 or more times, and can apply various things other than silicone. 
[0040] 

[Effect of the Invention] As explained above, according to this invention, the heat optical switch which there can be 
little power consumption and can integrate was realized. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the top view showing the outline configuration of the heat optical switch using the optical waveguide 
of the operation gestalt 1 by this invention. 

[Drawing 2] It is an enlarged drawing near the thin film heater of drawing 1 . 

[Drawing 3] It is the expanded sectional view cut with the A- A' line of drawing 1 . 

[Drawing 4] It is the expanded sectional view cut with the B-B' fine of drawing 2 . 

[Drawing 5] It is drawing showing the relation between the depth of flute and light-emission loss. 

[Drawing 6] It is the flat-surface enlarged drawing showing the outline configuration near the thin film heater of the 
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heat optical switch of the operation gestalt 2 of this invention. 

[Drawing 7] It is the top view showing the outline configuration of the heat optical switch of the operation gestalt 3 of 
this invention. 

[Drawing 8] It is the top view showing the outline configuration of the heat optical switch of the operation gestalt 4 of 
this invention. 

[Drawing 9] It is the general drawing of the accumulation mold optical switch using the conventional quartz system 
optical waveguide. 

[Drawing 10] It is the enlarged drawing of CC line of drawing 9 . 
[Description of Notations] 

1 [ - The 2nd input port, ] A substrate, 2 - Optical waveguide, 2a - The 1st input port, 2b 2c - The 1st output port, 
2d - The 2nd output port, 3 - Directional coupler, 4 - Optical waveguide, 4a - The 1st arm optical waveguide, 4b - 
2nd arm optical waveguide, 4c - Clad glass, 5 - A thin film heater, 5a, 5b - The electrode of a thin film heater, 5c [ - A 
silicone resin spreading field, 8 / - The field, 9 which are heated at a thin film heater / - Slot for heat-conduction 
prevention. ] A thin film heater protective coat, 6 - The slot (slot for arm optical waveguide fragmentation), 6a 
which it filled up with the organic material, and have been arranged while having been arm optical waveguide - 
Silicone resin, 7 



[Translation done.] 
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a/c©jfi^©#* » h •7-^*»cfcv»r-e©--x*s 

[0 0 0 6] 

[ »W#JKifc O J: 5 4 T a RJB 3 i%3£&ffiTmft b 1tm 

4 y ?-c«, *s<j;-e- o . 5 v 9 Y<Dmnmjift& 

It*ofc„ J:ot, 1 Offl* Sffi±(c* 
20 fSLfc t> ©T-ttifc >7 y r <D9mtfi $>itc. c © <fc 5 * X 

*49 *(D y -&'m3)\khmm.tt£ -> -ci>/c. 

[000 7] *»W©IfiB. 3§«SS#X -T 9 ^©«m 

**i«©B«f B>i o*cc -e©ffe© a w t m m & w , * 
*)» 

[000 8] 

30 [»H*ifcifc-i'4fc«>©#a] 3WIK*rt>TSB^3<iS 
HBJ© 5 % . KMmU fe©©«»*ttiHK:tti!8r n« . 
JWT©44B0-rAao 

( 1 ) atR±f 2*©#SSigSS?r2®B'f-C?a8f3-li-r^ 
2*©7-AJiaiaa84. B«IB7-A3fe2»j|gg8{C^^ 

»**#*-cfiKt»*©tarta*^7 hra«)iit-^A>6 

<t < 4 i> lWffiJI!0fc*»**^*. -2. ^* 7 - A#^8§© 
40 ^tCBUlBii^^^^^^tT-A^zi&Be©^ 

[0 00 9] < 2 ) »^±T' 2 *©%$ttffi& 2 ffi^-C 

fiS3-ti-r?ia2o©^iS]t4^g4, mttfaW&-& 
S**te-ra2*©T-A^?«K4. mflB7-A^ 

aa8«c<»36^a)**^itrs»*©ffiffi«:^7 h-rsw 

ffib - * S V ? A7 X > ^-M©^#^X Y->f 

(CfcliT. 4tBUlB^^m?:^^a^#T- 
A^iSB©^ tJiC^I^T - A#«^SS?r^»t-r 

50 ieg^n. gi?iitcHuia^3i£^*4^^.a^*irfB7- 



(3) 

3 

[0010] ( 3 ) frK2*©T-A3iaiifilS«D55W 
K, 2*©r-AiBirii®^fi*J*L<tt*J:5{ctttt 

( 4 ) BuseSIK©»ra©raRI^ 307^ny-h;^ 
1 0 Ov^P^- h-^r&S,, 

( 5 ) msmm b - 2 *©Huter - A^aBiSgg©^- 
MtcKBsnros. io 

c o o 1 1 ] -rftfe*^ m&Dmmytx a ■? ?-<Dgn 

tmm®*:* ft mmm*?m u x . -e©wts*m©?a 

[0012] fcTF. *»»«cot>T. EfiB&#J«l/c3t 

fe©ttB— tw*#w. *©»9igu©«ijBfci:»r 20 

[0013] 

[|6W©IIJfi©0S8] 1 ) M 1 «*#6B^tCcfc 

i (o^mm^m^tcmt^ a » ^©jubs 

flWE*^r¥iBia. ©if Jgt b - * £££©&* 
0. 03ti01©A-A' i&rWofcteABrES. 04 

tt02©B-B- &xty^tcfaKmmm-c»>*>. 
[0014] xmmmm i ©n&^x 9 y a 

nrnox a -j 3-e$>z. tctcu> v&k<Dmyt¥z Av* 30 

**5H//5^©«0C#«»*«lfflLrc»fc©«:*fL. * 
*MB©*b65** A v?l,Zis>) n ->®ll§ft i'©W«W«. 

©»**sft***!iffl ltxa??> ttu 

[0 0 15] HH71SH4K:*jl,»r. 1 «StR 
:>';=i>St££fflt,>£) . 2ttAtiJ;tJtf- K 2a«f 

l©A;*Jtf-K 2b(J$2©AM-h, 2c»fl 
©W^ltf-K 2 d«SB2©m2>#-- K 3tt^lSltt*S 
£g (MZ-i*~3 dBOt©4fl^) . 4tt^^S§ 

(0M.«:E36R#9**flH>S) - 4att$l©7-A 40 
*«^SS, 4bttf&2©7-A#ag$S§, 4c(J^-; 

5tti?Jgb-£ (m«C r . 
5 a, 5 bl*WBIt-*©flMi. 5 ctflWH 
IS. 6ttW*Hsff4 (mtft";a->«»*ffll»*) * 5 

[0016] *mm&m 1 ©aye** a •> m 1 n 
sis 4 jcstc. s« (>"; 3>sts) ur2* 

©*3»»» (e3eK*»»8S) 2 * 2 Siff "CifiS 3 #X 
ft £ 2 r>Q>Wtfm&& ( 3 d B ) 3 4. C ©^fSjttfe 50 
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£S3£a$rr£2#©T-A;&iS&S84a. 4bi, 
f)IBT-A^«&3§4 a, 4 b kcmt^i^^XB. 
SR#©fttl*r>7 f-TSSJlb-2 («itt*Cr*m> 
£) 5j&i6^-2>v^M^ct>if-S©^fe^X-f 

#2S$SS4a. 4 b©^cftc^igT-A^^8S4a. 
4b£#f0rTS3l6#ieg;*ft > C©jt6«ciJWB«B6^ 
»»*-^**'<*T-A*i»aa»4a. 4b(Di*?I 
*<fc 0 A # I »*S*^5£**«FoW«M5tt43&»^» $ nr ft 
•5. 

[0017] WTtC*HSfe^ 1 ©f&^X W ^©» 
ffill^li-r^. lit - ^ 5 0115 a , 5b(Cl 
BE*HIJOLftC»*i^. 2*©T-A^^g§4 a. 4 b 
«. £#4l,T|5jD#i&g(Cft£cfcMCS&ft3nTI,>£ 
/c#>. S1©AM- h2 a^e>A*fb/c7fe«^2©m 
h 2 d*»6m#t£ft£ 0 

[0 0 1 8 ] &tt. SEJUt-^ 5©S@5 a, 5bJC^ 

EfcEPflnLrjniffc-rsi. 02©i4^-c^-rMfe^8©a 

S^±#-r^><, C©*§£. 2*©r-A*i»jftl84a. 

4bic4^rm6W^©gp^«. >rt^tco< en-ci^ 

CC«. 01©T-A^^SS4 aK©WM3tlt 
*J K> . -?•©?» 6 ic^« c/cix >; 3 - >^fl| ( 
6a*s-3. 7 x l o ~ 4 ( 1 /'O ©^Jc^^?rWT 
^©^LT535S^^X©^^i5!^l x l o~ 
5 ( 1/"C) X-$>2>tclb, 2*©T-A7t^SS4 a, 

4 b {c*jsfin*j«*-rs. 

[0 0 1 9] 44dk»ttlTa. WBit-^5©gS* 
1 i©fi3 4 1 ffi 

6©P^PS5:5 0-7 A hJb. 7-A;)fca»j£S84 © 

1*^0©^ 6©*^^ 2 0*. 2*©T-A^zSiggS 
4a. 4 b©Rfl|ig£5 0?^d>- h;U t WJHb-* 
5(7)1118^2 0-7 jf6 ©^3 * 3 0 v A 

[0 0 2 0 ] CCT. MBit-* 5*1/ y=J->«I8 
(W«l«if4) 6 aCDX±(Cie@LT^ft^SStt. 
*xfl<Kc>";3->«}fli6 a©±(caf)|gt-^5^?fJfS; 

T^>C4*silL^o/c/cas!)'C*-5„ Ait, Ilt-f 

5 * is V 3 - >mm 6 a ©K±*^ 6 ? h f C 4 «*^HJ 
©*«6 { Jft3I@-C«ft< . yD-teX^CBjfife{Cftti«. 

[oo2i] xmrnmrn 1 ©w^. t-a^^ss4 

a, 4 b©aT©{4giCfcl^Ti^7°C©SS±#T'fi-^ 
361. 5 5 -7 A t>VM- h>UD 1 /2^S©76SgSS*5 
^D/c C©Nl©IKb-^5^©«fei*, -Tftfc^ 
x-Y v*nt)\t4 2zvy> vx-fr-ytc. ccoimtU* 

0M%&X A -j ?<D 1 0 ft<D 1 J^TCDffi-C^) «3 , 

i ©f^^x ^ v rormnxft'}^ ^ c tama 

[0 02 2 ] H1©^2 0T-A^#^g§4 btcSW/fc 



5 

»6Rtf*CtC^0fcS'';:3->«MS6 att, Sfttfi 
mcm&L-C2*<DT-J*%M®.m4a. 4b<Dffl%& 

b©*»**^L<r*fcfctcia:wTt»s. 

[002 3 ] *»w©«at^^ -Y 9 f», 5/ »; a - >#} 

j^i»3feWtt«**iffl or i»*fcat>. as « c £ 

r> S/'J=i->«|g6a**«-r43l6B. IgLfc- 
CO 0 2 4 ] *mmjtmn?*:<DUV 3 10 

/c©«JWT©*tfic<££fc©-C<fc&„ -r&*>*i, 7-A 

7vf £&©?**. 

[0025] lauWot. aw e©«s«c*n, 

/h$ < fflJx. 6*1. ^»^»at*Slx/c — :>©7$t©*§^ <fc "5 
<9<£>15v-Y£p^-h.>l<kj§t6#2 0#<£>£(i5#Sfc 

mmikmrnicptj: < xmtt. #1^7 - 5 6 0 

3 4&*«cH7n3*i-cir>s«fc5K:. aM^e-FtoMff 
3&»6«6©raRI«3 0-1 0 0 v>f i7d^- h;l/©Bftc 
«a»«*36«/h3<«C*. i^T, *Hi»Bil8l'CH:it6 
©S3£ 1 h;u. mm$5 Ov^a^ 

- h;l/£s8:stL^c. C©B#©SWitflB«cttO. 6dBT'& 

[0 02 6] «T(C0 1 CC^LA:^^* W 9 *©fBR 

^i;a>SCl±(CTflt^9 9 FUZZ. 30 
(SMit^Ol*40v-fi'ti>-h;l') 4c, P7# 

■&X'Mm-?Z. *r*i* 1 0 0 0 °C«±©iSa-C3gWLL 
fcfg, 7* h W?57 4mbE]»M4*>3.v*Zsit 
?£-CT-A*2»^SS4 a. 4b©37^^^$-> 
{trT^. ?6(C ±g|5^^ » (jgWtf£©J¥# 

2 0v-c^n^-hju) 4 c &'Xi&mffi£-eim> mm 

it-T -S C £ tc J; o r «©j£«Wfcj»i£8g 4 , 4a, 4b* 

[0027] -xic % n^mmm-cc r ma u zmm w 

U ^©illfcC r MA u 5:7 * F 'J y ^7 7 ^ffi 
m*Bf$L?Zo i£W(C(&CT. f£fSi5 c £b"r©S i 

5©siB«:Jtffli-r*. ccjitb. ft*©8&?re;w* 

*©fHKffi£|3Ji;r**. 

[0 0 2 8 ]*|feBJ-c«, <*6tC. 'jV^77^iS 
37^7 K©JSfir*SI*0. 45%tc^L/Co 50 
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[0029] mmmi&2 ) 0 6 is&HBaftiUHii 2 

Sfi£^0-C*>.5> o *Xtt&*2 ©Jlfcfc^* -Y » ?■©«£ 

®6K^-r=fcMc. «£A,£ii!rieii*fej&88i tmc 

©nfflij^gptcff /c(c?S 9 *BBL? DgjAUPSfc 

A:K»9%iaini/?fca*tt^B«c««^©!»©H:»*|» 
<*C££Sfi*j£LTl,>.5. 

[oo30]-> 3->«ifli»5^**7X(ci:b^r^ 
*» w a c £ «c «fc o . ©flo^si *Dc£ ps^-r 

y -7 7 Kc-rst £#-c^fc,, 

[0 0 3 1 ] #HJ6JM£2 -Ctt, {^©^B3^6it© 

[0032] mmmms > 0 7 ©£*%;&& 3 
©rm^X'f »^©«««fi6*^-r¥BnaT*4. #35 

)SS^3 ©flfefc^x-f B. 07{C^J;o{C, lulH 
Hite^ 1 £ Jt« L- r ft 6 b - # 5 ©IBS, 3 

6tcr-A3l6»«K4 a. 4 b ©mHtffttt*. WJgfc 
-^5«, 2*©T-A3t^SS4a, 4 b ©rHTtttt 

<. *©**««:»■ o&. *mMxm3x-it. mmt- 

^5CCj:or^taL//c2*©T-A7fc^g§4 a, 4 b 
©SJgM£3Wr£. C©fc*2*©T-A^^8S4 
a, 4b<Dfflm£l 2 5-?-<t>aj-i-hJl6mtCtc. 
[0033] fOffi, 3IMt-^5©S. ?»6©SS, 

ti6©papi, »e©*». «titt-af5©*i. «6©gg 
-f 9 ?ntn*8 8 5 y v y h tm&mw%m 1 mimr 

■5i-*»^*«C«T«***«. fi£*MCCl:b-<^£ 1/5 
[0 034] (HJfe^ 4)08 »*I6W©II*S^SS4 © 

Utet^-r **©««s*ifc*^T¥iBiar**. 

ti<b^£•B^ilBSI^SJ^^4<!:|^IO•r^.-S^. PPI^t-^5 
©34ffliJ£T-A^;j#jg8S4 a £ 4 b©P^(Cfffc(C?#9 * 

i/r^s«c«w^©»©itft*i»<c 4*swt 

So C©t«^cJ;tJX^7?«7j ; &2f!lfljK(gMt--C^ 
7 0 5 "7 * MCT&C£#T #/c„ 
[0 035] mEXJrettrK. 2o©T-A^«^3S 
4 a £ 4 b «?f ©S3 *J8«ir*l/ < U/c/c*. 2 "7© 

t-^5^©«EEn*n*s^t^S8'c^P7;a^ (@i© 

mi©A^^"h2a^6^2©ttl73^-h2d) #H 

[0 036]3e.tC, rjg^aS(c«<i?U-C23(s©T- 
AtIc^SS 4 a £ 4 b £ ©^SSfiM*^ D^ct^J r 2 * 



©7-A#il5RK4a£4b&©ti&*s«U»j 

^ * * r « . s$r i/ & «be * en an o & c » tare 2 * 

©T - A5fe3§«a» 4ai4bi ©ttfflg* 0KLT4»< 
*B^)f£WCB«C<. 2#©T-Aft2g$i?S4 a 

i4b £©{4tBM£ 1 /2&&ic&& Otllt- $ 5 
^©*EEPfln#fcc>tt»r*^--tH;& (0 1 ©f&l ©A 
h 2 a*>P>m 1 ©ffi^tf- h2c) {C-T&jM?* 

[0 0 3 7 ] C©W£tt. J»3fe^SII**ilt«fl«J/h3l»5 
35**j»i«B©3H8fill* 1 / 2 ttfiSttt 2>ttlc£ 
K>, r2*©T-A*i»«l54ai4b4©*K«^3&J 

[0038] «±. m&mmmicm~Ji*mi* 

©tb&< . *©RB*aML&i»ttHK::tat,»T«*£ 
EdJSI-C* 5 C i Buffer* £ . 
[0 0 3 9] W8BltS»JgJ»t?tt. WtifWi U 

<ra«f*©jaascik) ^^»©aft#5*je»«fc»>*s 
&fc©r**itf&t»c<fc«gj6*»-r*s. — iftjc. w«8 

«f*©ffl*r*Bft©«%^0. *©**MlttSBfi*iS 
Sg©l 0teJ!^*#&fiflBHK*n*Tt>©#3*< , j/y 

^ - >&w<om « © ©a»awi-c s €> „ 

[0040] 

$hfc. > 
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* [0®©fg#&i&Bjn 
[0 1 ] *mwK.&z>mmi& 1 ©**«»*fflc>yt» 

[0 2] aioiit-^©^ir&^ 

[03] 01 ©A -A' M-CW^tcHZKWiWmv&Z. 
[04] 02©B-B' ifST^o/c&Attraar&s. 

[05] momz tyt<Dmimikt<DMmz^-rm~e*> 

[06] #&Bj©j£jtM 2 <omtfrx 4 v *<Dmm t 
io -^«ifi©ti!iB§«(,5c^iK-r3p ffi s£^ @ -e^^ o 

[07] *mm<DmMm 3 ©mat** ^ 9 ?©mtit 
RS*^-r^ffl0r*s„ 

[0 8] *am<nmtffiM4 <Dmft¥z a 9 *•©««« 
fiS*7S-r¥ffi0-r*s. 

[0 9 ] «£*©53S«3(S»a»8*fflt>^8iabtX^ 9 
^©^0-C*5„ 

[010] 09 ©cc *g©i£A-0-c*&„ 
[##©1*93] 

1 ••»«. 2a-SlOAM-h, 2 

20 b-JB2©A##- K 2c-HO(il^-h 1 2d 
-»2©titfJ#-K 3-;£|S)14*g£g. 4-%*tt 
38. 4a-Sri©T-A3t*«8S. 4b-IS2©T-A 
7fca»i£SS. 4c-?7^F*7^, 5HVJKfc-*. 5 

a, 5 h-n&c-zomm. 5c-nt-^si 

H> 6-WWW?t«?n, T-A#«$Sg©j£4Hc 
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